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ABSTRACT 


Ten tipping bucket rain gauges have been installed at the NASA 
WSTF for the purpose of determining rainfall characteristics in this 
area which may affect the performance of the NASA Tracking and Data 
Relay Satellite System (TDRSS). This paper presents a plan for anal- 
yzing and utilizing the data which will be obtained during the course 
of this experiment. Also included is a description of a computer pro 
gram which has been written to aid in the analysis.. 
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1.0 INTRODUCTION 

Inuring late.-Apr.il and early May, ten- tipping -bucket rain gauges 
and event recorders were installed at the NASA White Sands Test 
Facility for the purpose of gathering detailed rainfall data at one 
of the potential Tracking and Data Relay Satellite (TORS) Ground Sta- 
tion locations. A description and data collection plan for this 
experiment was published previously in a MITRE Working Paper and is 
reproduced in Appendix I of this document. The remainder of this 
report presents a plan for utilizing the data which will be collected 
during the course of the experiment. Since" no data became available 
during the course of.MITRE’s contract with NASA, there are no actual 
results to be reported. 

Section 2.0 presents a brief description of the equipment which 
is installed at" the WSTF . The format of the chart recordings from 
the rain gauges and instructions for converting this recorded raw data 
to rainfall rate data arc given in Section 3.0. Also given in Section 
3.0 is a description of a computer program which will reduce the rain 
gauge raw data and display it in tables in the form of rainfall rate, 
attenuation, and total accumulation. The program is listed in Appen- 
dix II. Finally, Section 4.0 presents suggested techniques for fur- 
ther processing of the data to determine antenna site diversity 
improvement, characteristics of storms, correlation with the radiometer 
at WSTF and optimum operational procedures. 
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2.0 DATA COLLECTION EQUIPMENT 

This section discusses the rain gauge and chart recorders that 
were selected for use at WSTF. A brief sketch of how this equipment 
operates is necessary in order to understand the techniques that will 
be used to process the raw data obtained from the rain gauges. 

2.1 Tipping Bucket Rain Gauge 

The rain gauge which was acquired for use in this experiment is 
the P501-1 Remote Recording Rain Gauge manufactured by Weather Measure 
Corporation of Sacramento, California. The gauge consists of a small 
bucket which collects rain as it falls. When 0.01 inches of rain is 
collected, the bucket tips emptying the rain accumulation and momen- 
tarily closing a mercury sx^itch. The advantage of this type of gauge 
is that rainfall accumulation can be measured without the need to read 
the gauge and empty it after each rainfall. Also, rainfall rate can 
be determined by recording the elapsed time between tips of the bucket. 
Rainfall rates in excess of 10 inches per hour can be resolved with 
this tipping bucket gauge, 

2.2 Long Term Event Recorder 

The mercury switch on the rain gauge, which is closed for each 
tip of the rain bucket, is used to activate a solenoid on a P522 long 
term event recorder made by the same manufacturer as the rain gauge. 

The recorder normally has a chart speed of 1/4 inch per hour but has 
been modified by the manufacturer to a speed of 2 inches per hour. 

Since the primary interest in this experiment is the determination of 
rainfall rate, this high chart speed was necessary in order to read, 
with any reasonable degree of detail, the time between tips of the 
bucket. An even higher speed would be desirable, but would cause the 
chart to need replacement more often than the 12 day interval now 

necessary and thus a chart speed of 2 inches per hour is somewhat of 
a compromise. 
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3.0 PROCESSING OF RAW DATA 

This section describes the foraat of the raw data, explains how 
to convert these data to rainfall rates, and describes a computer 
program which has been written to accomplish this conversion and 
print out tables that can be used to analyze the data, 

3.1 Format of Chart Recordings 

The paper on the chart recorder that is used with the rain gauge 
is a 49 foot roll, two inches wide. The recorder has been modified 
for this project so that the chart speed is two inches per hour. The 
chart, a s^ple of which is shown in Figure 1, has a division every 
one-eighth inch corresponding to an elapsed time of 3,75 minutes. An 
event (i.e., a tip of the rain gauge bucket) is recorded by a vertical 
movement of the pen across the width of the chart. There are twenty- 
five divisions across this two- inch chart and each event moves the pen 
by one-half division. Therefore, fifty events are recorded by a two- 
inch movement of the pen across the chart. 



CALirORNlA C S22 


FIGURE 1 

EXAMPLE OF STRIP CHART 
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3.2 Conversion to Rain Rate 

The conversion of the -raw data on the chart' recorder to rainfall 
rate is accomplished by noting that for every 0,01 inch of rain which 
is collected by the rain gauge, the pen moves by one— half division on 
the vertical scale of the chart. By measuring the time in hours 
between two suph movements of the pen and dividing 0.01 by this time, 
the rainfall rate in inches per hour is determined. Unfortunately, 
the speed of the chart is so slow that it would be rather difficult 
to accurately measure the time between events as well as the absolute 
time of each event. Thus the procedure described below is reconnnended 
and should simplify the data reduction and processing although some 
accuracy may be sacrificed at the very low rain rates. Since these 
low rain rates are not really of interest, there should be no major 
problems. 

The technique suggested for use is as follows. In the horizontal 
or time direction, the chart is divided into one-eighth inch incre- 
ments corresponding to an elapsed time of 3.75 minutes. By counting 
.the number of events (i.e,, tips of the rain gauge bucket) within each 
division, multiplying by 0.01 inches of rainfall and dividing by .0625 
hours (3.75 minutes) the average rainfall rate in inches per hour for 
that period of time will be determined. If this same procedure is 
followed for each of , the ten rain gauges, then the time period can be 
easily correlated between the rain gauges by just recording the initial 
time at which data is taken. It is also necessary that the chart be 
properly marked when the paper is changed. Appendix I contains all of 
the details on field servicing the recorders. 

3 . 3 Computer Program 

A computer program has been written that will accomplish the above 
procedure. This program is listed in Appendix II and contains numerous 
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comments and detailed instructions for preparing the data cards. Since 
at the -time this report was written, there were no data available from 
the rain gauges , a set of dummy data was prepared in order to test the 
program. 'Table I shows a listing of the results of running the program 
with -this jdumiay data. Notice that all of the data starts at the ear- 
liest -time that rain was recorded at any of the ten gauges and continues 
until ihe -rain ends at the last gauge. Even if some gauges did not 
receive rain, -they are still shox>m with all of the rain rates shown as 
zero. -By .scanning across the page at a common time, a quick idea can 
be had as -to how the rain rate varies over the area in which the rain 
gauges are set up in. 

•The a^ame data is also presented in another form in Table II. In 
this fable, all of the rain rates, have been converted to the attenua- 
tion fhat a 1'5.3 GHz signal would experience on a 9,35 km path through 
a rainfall with a constant rate given by the value in Table I. The 
-9.35 path length corresponds to an ear th-to-satellite path with a 
20 d.eg-ree elevation angle, assuming a storm height of 3,2 km. Notice 
that -the format is the same for both tables with just the entries 
differing.. 

Finally, the amount Of rainfall that was recorded at each gauge 
is calculated and printed. An example from the dummy data is shown in 
Table III. This table can quickly illuminate factors such as storm 
movement. For example, if two gauges receive the same amount of rain- 
fall but have vastly different rainfall rates, then it is likely that 
the storm was moving parallel to the line connecting the gauges. 

This program can form the basis for a quick look at each storm 
and can be expanded later when some actual data are. available . 



EXAMPLE OF PROGRAM OUTPUT IM RAINFALL RATE 

RESULTS FOR STORM ON #PR1L I 197? 

Rainfall hate in inches per j-cur 


TIME 

GAUtt. NC 

1 

CAOCE NO, 
2 N 

CACGE \r , 
3 

GAUGE N(J 
4 

21i3. 760 

c.i6-:c 

C.32CC 

''C.CCCC 

1.520C 

2137.500 

C.4ECC 

C.46LIG 

C.6'000 

2.C30C 

21<il.2 6y 

1. 121C 

0.6^ CO 

C.QOOO 

0,030'3 

21 45. 000 

c.cooc 

c.aooc 

• 0.4300 

0.0000 

2U3.75C 

c.cccc 

C.SoCC 

1.1200 

C.cooc 

2152. 50 J 

1.92)C 

U120C 

C.3200 

0. cooc 

2156.2 60 

C.430C 

1,23C’C 

C.OCOO 

0.0000 

2100.000 

U443C 

1.440C 

CaOOOO 

c.ccoc 

2203. 76 3 

1.12JQ 

i.tOOC 

0.000 Cl 

o.cooc 

2207. 600 

C,00)0 

i.?6nc, 

c.ccoc 

o.cooc 

2211.2 50 

C. CC3C 

. C.OJOO 

u.oooo 

0,0000 

2216,000 

C.CCCC 

c.oocc 

c.ccoo 

Q.OJOJ 

2213, 760 

0 a 0000 

C.CQOO 

c.oooo 

0.0000 

: 2222. 500 

c, cccc 

c.cooc 

C.OCOO 

0.0000 

2226.^60 

o.co JO 

C.O JOG 

C.OCOO 

c.cooc 

2230i0O0 

C.CCCC 

c.cooc 

c.oooo 

0,0000 

2233,763 

0.CO3C 

c.ooao 

c. cooc 

0.0000 

2237. 500 

■c.cooc 

c.oooo 

c.oooo 

o.oooo 

22A1.25J 

C.CCCC 

C.CCCC 

c.oooo 

0.0000 

2246. 000 

C. CO JO 

0.0 JUO 

C.OCOO 

o.oooc 


GAUGE NIJ 
5 

GAUGE NO 
6 

GAUGE NC 

7 

GAUGE NC 
b 

gauge NC 
9 

GAUGE NC 
10 

0. 0000 

1.1200 

1.12 00 

0.0000 

4.3200 

Co4aco 

0,0000 

C,4o00 

0. 4eao 

c.oooo 

o.4ecc 

C.64CC 

0,0000 

1.9200 

■ O.E4 00 

c.oooo 

0.6400 

, c^anoo 

0.0000 

2.06J3 

, 1,4400 

c.oooo 

0, 0000 

1.1200 

■J.OOOO 

2.400J 

1.9200 

CiOOOO 

0. 00 DO 

1.44CC 

0,0000 

o.oooq 

2. CROC 

c.oooo 

0,0000 

5. .3 2 00 

* 0. 0000 

O.OOOO 

0 . cooo 

c.oooo 

0.0000 

1.9200 

Oo 0000 

c.oooo 

0.0000 

c. 0 (:>oo 

0,0000 

C.960C 

OiOOOO 

O.OJOO 

0 . cooo 

o.oooo 

0 , ooco 

C.4b00 

0.0000 

c.oooo 

0. 3200 

CaOOOO 

0.0000 

1.4400 

o.unoo 

c.oooo 

0. OL'OG 

0,0000 

o.oooo 

C.BOOO 

0,0000 

(J.OOOO 

0.000 J 

c.oooo 

0.0000 

C, 700C 

0,0000 

C.OOOj 

0, CUOO 

c.oooo 

0 , ooco 

c.oooo 

0.0000 

o.oooo 

o.cooo 

c.oooo 

0 , oooc 

c.oooo 

do 00 GO 

0.0000 

0 . cooo 

c.oooo 

0,0000 

c.oooo 

0.0000 

0.0000 

0,0000. 

c.oooo 

0. 0000 

, c.oooc 

0.0000 

o.cooo 

o.cooo 

c.oooo 

0.0000 

1.9200 

O.OOOO 

0,0000 

0 . cooo 

c.oooo 

0,0000 

1.1200 

0.0000 

0.0000 

0.0000 

0,0000 

o.ooco 

C. 4(300 

o.ciooo 

0.0000 

0, 0000 

0,0000 

0.0000 

3,2000 



TABLE II 

EXAMPLE OF PROfiRAM OUTPUT IN ATTENUATION 

KCSULTS F'IK STCFM CN ^PP'IL 1 H7J 
/ilTCNLATlLN AT A 20 CEGP££ tLTVATinN ANGL£ IN 


T|« = 

OAlitt NC 
1 

CAUGF Ni: 
2 

CAUtE NO 
i 

OAl^Gf NO 
4 

^133. 750 
f 

l.tAU 

•i.l'Oli 

C,CCi)0 

32,4641 

213 7.'3-:)0 

6,5506 

6,550d 

c.ocoo 

25.63C4 


17, e,2C2 

5,li26 

•^c, CLOO 

C,CO0(. 

Sl'.SoOOy 

C.CO 30 

11.6175 

6.5^06 

C.COOC 

iUa* 750 

C.CCCC 

U, 5t,75 

17, 4303 • 

C.COOO 

i l32,50<> 

32, ^ £<1 ] 

1 7o‘=* JC3 

4, K12 

OcOOOC 

2 1 5o« 2 5 3 

f. . S 5 C 6 

2 0 • j> 3 6 S 

0,0003 

0,000'. 

2160.003 

23. 30C6 

23*3006 

C, OCOG 

o.cooo 

2203. 75 0 

17.42C? 

2 C » 3 1 56 ' 

0,0000 

C.ODOO 

2207, 500 

C.COOC 

25, 3 76 2 ■ 

C.OCOO 

C. 0000 

2211, 2 5-3 

w , C ij 0 c 

C.CTOC 

C.OCOO 

CoOooc 

221 5. 000 

. , C 0 ) c 

c.cooc 

c.ocoo 

CoOOJC 

2210. 75 J 

CaCOCC 

C, C u 0 c 

CoOCCC 

CoCCOC 

22I2, 500 

c, cccc 

c.cooo 

O.OOOO 

0,0000 

2226,250 

0. coco 

c.cooc 

c.ocoo 

c. 0'000 

2230,000 , 

0 , u C '3 C 

C.OjOC 

0,0000 

0,0000 

2233, 750 

'c.ccoo 

c, co'cc 

c.ocoo 

o.oooc 

‘,223 7, 500 / 

\ / 

22A1.250 ■ 

0,00 30 

c.cooc 

O.OOOO 

0 . cooc 

c,cccc 

'7. C3QC 

c.ocoo 

C.QOOC 

2245,303 

c.ccoc 

c,cocc 

c.ocoo 

C.OOOG 


Atot NI) 
5 

i^AUGE NCi 
L 

C.At06 N(J 

7 

CALGF NO 
H 

OAUGC NC 
0 

GAUGF NC 

' 

G, 3000 

17.4303 

17.4303 

C.OOOO 

«2o6784 

6.550S 

0, 0000 

fc,550a 

6, 5503 

c.oooo 

6o 650b 

9,1326 

vJ.OGOO 

32.4641 

<>. 1326 

o.cooo 

0, 132o' 

11.S175 

C.DOOO 

35,63(14 

22 , 2006 

C.'OOOO 

'0,0000 

17.4303 

O.OtlOO 

42.0341 

22.4641 

c.oooo 

0.0000 

23.3006 

C. 000,0 

C. OOO'.) 

35,. 6304 

0.0000 

O.C'300 

4.1012 

3. '00.30 

O.'lOCO 

0, GOOO 

I 

c.oooo 

0, 0000 

• 32.4641 

.o, O'lO .1 

OoO TOO 

0 i 000 Cl 

0,0000 

OoOOOO 

14.5C75 

o.oO'y; 

0,3303 

CO 3 3 

c.oooo 

0. OOuO 

e.5'i0 8 

0,0000 

C.COOO 

4, lull* 

:,'3.'>oo 

0.0000 

23»yjQt 

o.oooc. 

0.0003 

0, CO'30 

.0,0000 

0.0000 

11.8175 

0. 000(3 

0.0300 

0. COUO 

0,0003 

0.0000 

C.OOOO 

0.0000 

0.0000 

O.CCOO 

OoOOOO 

OoOooo 

O.OOOC 

0,0000 

0,0000 

0. cooo 

c.oooo 

0,0000 

C.OOCC 

o.ijoCiO 

0.0') 00 

Oc 0000 

O.OOO.o 

0,0003 

Cd oooc 

0.0000 

C.OOO') 

0. CO 00 

0,0000 

o.oooc 

c.oooo 

0,0000 

0.0000 

0.0000 

0,0000 

o.ooco 

32.4041 

0,0000 

0,0000 

*3, COuO 

o.ooon 

0, 0000 

17.4302 

0,0000 

0,0000 

0 , oooo 

c.oooo 

O.OOOO 

6,5506 

c.oooo 

G. 03 0'3 

0, coco 

0,0000 

0,0000 

56.6012 


TABLE MI 


EXAMPLE OF PROGRAM OUTPUT IN TOTAL RAINFALL 
ACCUMULATION PER GAUGE 


KAIN 

GAUGP 

NU« 

1 

C.42 

1^C^ES 

KA IN 

GAUof-: 

NC, 

2 

0.0 5 

INCI-ES 

kA 

GAUGE 

NOo 

3 

'3.12 

INCI-ES 

r^AlN 

GAUGE 

NO* 


C.25 

INCHES 

RAIN 

GAU GE 

NO* 

5 

c.oo 

INCHES 

K A IN 

GAUGE 

NO. 

6 

C.5C 

INCHES 

RAIN 

GAUGE 

NO. 

7 

C.i>C 

INCHES 

RAIN 

GAUGE 

NO. 

8 

0.00 

INCHES 

P.AIN^. 

GAUGE 

NO. 

9 

0.3A 

INCHES 

raIn 

GAUGE 

NC. 

10 

1.07 

INCHES 


4 


RAIN ACCUMULATIONS FOR EACH GAUGE 



.. 4.0 . STATISTICAL ANALYSIS- - . . - ■ 

This section presents a plan for detailed analysis of the data 
from the ten rain gauges at WSTF. Because no data became available 
during the- contract period, it was not possible to do any of the actual 
analysis. In all probability, it will be necessary to modify some of 
the procedures suggested below when the data becomes available. It is 
also probable that by examining the data (i.e,, the computer printouts 
described in the previous section) other important parameters of the 
rainfall can be determined. 

4.1 Diversity Improvement 

One of the most important pieces of information to be learned 
from this experiment is the performance improvement to be gained by 
site diversity. For a single rain gauge a distribution can be made by 
plotting the number of hours a giv^en rain rate is exceeded. The 
resulting curve would have the form of Figure 2. If the same proce— 
dure is followed for two gauges except that the gauge with the lowest 
value of rain rate (snd/or attenuation) is used in any given time 
period, a curve such as that in Figure 3 can be drawn. This curve, 
marked ’best of either gauge” represents the performance to be expected 
if two ground stations were in communication with one satellite and the 
station with the lower attenuation (rain rate) were used. It also 
assumes that the raip^ rate recorded at a particular ground location is 
valid throughout the entire path length. Methods for testing this 
assumption will be given below. 

■:> 

The above analysis can be carried further to three stations if it 
appears profitable when the data is available and examined. The tech- 
nique would be identical except that the one station out of the three /. 
with the lowest rain rate would be used. "" 
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MO. OF HOURS RAINFALL RATE IS EXCEEDED 



_ figure 2 

example OF rainfall rate distribution 
FROM A SINGLE rain GAUGE 
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RAINFALL RATE 


FIGURE 3 

EXAMPLE OF DIVERSITY IMPROVEMENT 
FOR TWO RAIN GAUGES 
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Notice also that there are 45 combinations of the 10 rain gauges 
taken two at a time- and therefore the output of the computer program 
described in the previous section should be scanned before performing 
these calculations. This should be done because, for example, it may 
be clear from inspection that there will be very little improvement 
or that the improvement is so good that it need not be plotted. 

^ • 2 Correlation with the Radiometer 

The four rain gauges that are under the path of the radiometer 
should provide valuable information on the relationship between rain- 
fall rate and attenuation and on the variation of rainfall rate over 
the path. 

The rainfall rate attenuation model that has been used has 
assumed that the attenuation is related to rainfall rate by 

A (db) = ,039R^*^^^ P 

where ‘ 

R = the rainfall rate in mm/hr 
P = the path length in km 
A = the attenuation in db 

By comparing the attenuation as recorded by the radiometer with the 
attenuation calculated by using the above formula and the rainfall 
rate from the gauges (both individually and averaged over the path), 
an idea as to the validity of this formula for the WSTF can be obtained 
This correlation should be performed in two different ways. 

First, the attenuation can be compared over very short three-to- 
•four^minute intervals. Secondly, the attenuation distributions for a 
period of several months or more can be compared. It may turn out 
that even if the results do not agree over short intervals, they may 
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agree over long time periods which is the most important consideration 
from a system design point of view. It has already been established 
that the rainfall rate attenuation model closely approximates the 
radiometer results for the excessive short duration rainfall statis- 
tlcs.(l) 


One of the necessities in modeling rainfall is to assume that the 
rainfall rate along the entire path is constant. The rain gauges at 
WSTF should prove useful in checking the validity of this assumption. 
Since there are two essential straight line paths in the layout of the 
rain gauges (see Figure 4 in Appendix I) , this assumption can be 
checked for two different directions. In particular, the average rain- 
fall along the path should be compared to each of the individual rain 
gauges to determine how much error. there is when using this assumption. 
Of particular interest will be how the rainfall rate distribution of 
the average of all of the rain gauges compares to the rainfall rate 
distribution of the average of just those rain gauges over the path. 
These distributions should be obtained over a period of several months 
or more (i.e., 20 or more storms). If these distributions have good 
agreement, then the model assumption of constant rainfall rate should 
be valid even if this does not appear to be true on a short term 
basis. ' 

■ ■ ■ ’ 

4. 3 Size, Shape and Motion of Storms 

Due to the proximity of the mountains to the proposed NASA site 
at WSTF, it is very desirable to obtain an accurate idea of the size, 
shape and motion of the storms in this area. These results will help 
to determine which actual locations are best for the antenna locations. 

The size of the storms are important because if it can be deter- ' 
mined that a high percentage of the storms in this area are of limited 
extent, then it may be possible to locate the ground antennas far enough 
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apart that two antennas will not be affected simultaneously. The 
definition' of size should be based on some acceptable low rain rate 
since rainfall rates which produce attenuation well below the power 
margin built into the TDRSS system will have no appreciable effect on 
the performance of the system. 

A desirable method for displaying this information would be to 
develop contours on a map of regions corresponding to a rain rate 
that would just produce attenuation equal to the weather margin built 
into the system. It may turn out that for many storms this area will 
be so small as to not cause any severe problem. 

In a similar manner the shape of the storms in this area may 
affect the placement of the antennas. For example, if the mountains 
cause certain regions of the storm to be narrower than others, it 
would be desirable to have the path from the ground antenna to the 
satellite pass through these narrow regions. There may be a tradeoff 
between siting the antenna based on the size of storms and siting the 
antenna based on the shape of storms. Until some actual data is 
available, however, it is difficult to predict the magnitude of these 
various effects. 

When Che size of the storm is determined, the shape of the storm 

‘i 

will also be determined providing there is enough resolution (i.e., 
enough rain gauges spaced closely together.) After examining a num- 
ber of storms it may be desirable to change the location of some of 
the rain gauges to obtain a better idea of the shape of storms in 
regions where it appears that there may be anomolies in the sliape due 
to the mountains. 
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The motion of the storms can probably be best determined by mak- 
ing the contours described above at -various .times and observing the 
direction that the storms seem to be moving. It may also be possible 
to ascertain the motion of the storms by scanning the output of the 
computer program (Table I). If a repeatable pattern for the motion 
of storms, either on a yearly or seasonal basis, is determined, then 
this may influence where the sites are placed or how the system is 
operated during various times of the year. 

It may be possible to write a computer program to automate some 
of these procedures after the data from a number of representative 
storms is available, 

4 .4 Simulation of Operational Strategies 

One of the uses for the data which is gathered could be as inputs 
to a simulation model to study the operational characteristics of the 
system. For example, the three antenna sites could be simulated and 
various operational switching strategies could be evaluated. Some of 
the questions which might be answered are: is the best performance 

obtained by switching antennas when a critical rain rate is reached, 
or is it better to wait for the weather to clear? At what rain rate 
should antenna sites be switched? What time of day is it best to do 
the maintenance? Which antenna site should be the spare? 

j 

All of these questions can better be answered after the rainfall 
data is available.. 
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APPENDIX I 

DESCRIPTION AND DATA COLLECTION FOR WSTF RAIN GAUGE EXPERIMENT 

This appendix has been published as a MITRE Working Paper, 
WP-10224, on 15 February 1973. It presents a plan for installing 
and. servicing the rain -gauges at WSTF. The locations of some of the 
rain gauges were changed slightly but at the present time their 
exact locations are not available. 

1.0 PURPOSE 

The only usable rain rate data currently available for estimat- 
ing conditions in the White Sands area is that deduced from the U. S. 
Weather Bureau Excessive Short Duration Rainfall Statistics for 
El Paso, Texas, and Albuquerque, New Mexico. However, due to the 
proximity of the San Augustine Mountains to the WSTF, there could 
be considerable differences between the rainfall at WSTF and the 
rainfall which occurs at El Paso/Albuquerque. These differences 
could greatly affect the annual communications outages that have 
been calculated. Furthermore, there are no data available for 
determining the advantage of site diversity at a location such as 
WSTF. Thus, the installation and data collection of ten rain gauges, 
as described in this document, will be of paramount importance to: 

(a) Obtain statistics for the WSTF area which will allow the 
determination of rain rate statistics, cell size, shape and velocity 
and consequently the expected communications outages and the value of 
separating ground antennas from about one to five miles; and 

(b) Validate the individual components of the MITRE rainfall 

rate attenuation model (e.g., the relationship between the excessive 
short duration rainfall statistics and the true rainfall rhte distri- 
bution) . . > 
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The results of this experiment could have a profound, effect on the 
cost of the ground antenna system. For example, if it can be deter- 
mined that there is a significant decrease in the power margin needed 
to obtain the desired availability by separating the antennas by 
four miles, then it may be possible to use smaller diameter antennas 
with a corresponding lower cost. 

The remainder of this paper specifies the geography, installation 
techniques, and data collection procedures that should be followed 
to ensure success of, the experiment. 

2.0 GEOGRAPHICAL LAYOUT 

The sketch in Figure 4 presents a suggested layout for the ten 
tipping bucket rain gauges. The figure is drawn roughly to scale. 

The rain gauges are laid out in‘ a^^cross" pattern which is oriented 
approximately north-south, in a line parallel with the general 
orientation of the St. Augustine Mountains and the three potential 
antenna sites. The separation among gauges is approximately one 
mile. 

An attempt has been made to locate the rain gauges near existing 
facilities and roads so as to minimize the effort required to ser- 
vice them. The exceptions to this are gauges 3, 6, and 8 which are 
located in relatively flht country and should not be too difficult 
to service. Gauges 8^, 9, and 10 are located under the 120® azimuth 
path from the radiometer to the TDRS. Gauge number 10 is located 
just off the WSMR Post Area access road at a distance of ten miles 
from the center line of the ’’cross”. Information from this gauge 
should indicate differences between rainfall activity at the begin- 
ning and near the end of the path, the latter being across the St. 
Augustine Mountain Range. 

This suggested layout may be modified slightly at the time of 
Installation if it is determined that certain locations are undesir- 
able because of inaccessibility, conflict with other WSTF activities, 
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Tmlp should, however, be clearly Indicated on 

®^P °^ the area, drawn .to scale. - - 

3.0 EQUIPMENT INSTALLATION 

The installation of the rain ganges should be done with care 

alLT" manufacturer or 

a 0 ^ ^ 

roof) and the exposure at each ^ n 

^ Ft: each site carefully considered. The 

uses Should be firmly fi.ed so they will not be blown over or 
Ited by the strongest winds. The surface on which they are locate 

theXsIs Th^"- 

S S • The rim of the gauge should Ko ]-■/> • 

a level. >’® horizontal and set with 

. In a similar manner, the event recorder should be installed 

sT°L °f the manufacturer. The recorder 

:ud be located far enough from the rain gauge so that raiw 
not splash from the recorder into the gauge. 

4.0 DATA COLLECTION 

_ The ultimate success of the experiment depends on the proper 

alibration and identification of the data. Thus the f 1 1 • 

procedures should be followed when gathering the data* 

...V ircii-'*"?'’’"" “ ■' 

days s4.nce the capacitv of ♦- 

F »— Lty or the tape is onlv qIi/vUi-i 
more than this. slightly 

(b) The tape should be started such th=^ , 
corresponds to the hour or the half h 

pond to one-half ho ^ach inch should corres- 

one half hour. Time and data should be clearlv v a 
the tape. Clearly marked on 

(C) “®" Phe tape is removed the time should be. marked exact 1 

on the tape so that any spped inaccuracy can be detected Tb 

should also be marked at the end as to th 
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- (d) In order to develop- eorrelation between the- gauges, the 

same time standard (e.g., watch) should be used in marking all tapes 
Similarly, the time standard should be calibrated before changing 
tapes and the same calibration source (e.g., WWV) should be used 
every time. 

(e) When changing tapes the rain gauges should be Inspected 
for damage and any needed minor repairs should be performed and 
noted on the tape (e.g., sand cleaned out of tipping bucket). 

(f) Batteries should be replaced when needed and ink supplies 

(if. any) checked. Refer to manufacturer's instructions for recom- 
mended times. ”■ 

(g) A daily log should be kept noting the date and approximate 
times when any of the above functions were performed. In addition, 
a weather observation should be noted each day (e.g., thunderstorm 
about 4 pm, no rain today, etc.). 
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appendix II 


COMPUTER PROGRAlf LISTING 

This Appendix presents a listing of the program which converts 
the raw data from the chart recorders -to tables of rainfall rate, 
attenuation, and total accumulation (see Tables I, II and III in the 

text). The listing contains detailed instruction for preparing the 
data cards. 



M61,N . SPSCCtCUPE CPT 1CNS(MA IN > ! 


pace 


STMT UVCC \eST 

I PAIN :Fr<DCfcnL‘)F CPT ICNSIPA IM ! 

/* 

THIS PHOGRAP TAKFS THE INPUTS GF THF TE.N PAIN GAUGFS AT 
Tl-e .'IAEA kHTE SAM'S TEST FACILITY ANG CONVERTS TO RAIN 
RATE. 

THE data ARfe PKtPAKEC AS FL'LLGVvSs 

\ ■ , 

POM EACH STDRP CK EVCNT A CARO C'F THE FCLLCulNC FCRM 
1 1S73 it^S.TS 

TF/S CAPE CCNTAINS THE PCNTH IN CUOTtS.THt CUrTMt YEAF, 

ANC fHE TIME WHICH THE FIRST SAMPLE STARTS. THIS TIME SHCUtR 
BE THc SAME fCR ALL TEN GAtGES AND ShluLG BE The EaHLIFST 
TfHE WHICH PAIN IS RECCRDtr FCR ANY GAUGE. | • 


AFTEP> THIS CARD THERE SHCUtD EE TEN SETS DF CATA CAROS, OM. 
PER EACH RAIN CAOCf , A TYPICAL ScT WC^ULD tCOK LIKE THE 
^ ECttOHiNGs 1 

'GAUCE AC' I 12 'PCINTS' 

1 1' 7 0 C 12 3 9 7 C C 6 

, • <**#*«♦ 

TEE FIRST CARG' ICtMlFIES THE GAUGE NUMBER AMJ TH'E N'OWPCft HP 
RUNTS TO CE ENTtRED, 

THE NEXT CARC CLNTAINS Thf DATA POINTS (DtSCwIBEl) H6LCHF fN 
FREE FORMAT. R E ME MttR , TH EW £ ARE 10 SUCH SETS FOR EACH 
STCkMg IF A GaUGF RECIEVD NC RAIN, THEN ENTER -J • FCK THE 
NUMCew CF POINTS, all CATA 3HCLD START AT THE TIME GIVEN' ON 
THE H£AC CARO'- BUT CAN ENO WHEN THi'RE IS NC MC»E DATA, 


THE DATA POINTS ARE AS FOLLOWS: 

COENT THE NUMBER OF VERTICAL PEN MUVfcMENTS PER ONF-EICHTP 
INCH TIME INCREMENT (3.76 MINUTEST REMEMBfRlNG THAT THERE 
ARE 2 PEN movements PER VERTICAL DIVISION UN THF CHART, 

IF THERE ARE MORE THAN 300 S TCRMSOR MORE THAN 600 POINTS 
FOR ANY ONE RAIN GAUGE THAN THE OIMENSIONS IN' THE 
DECLARE STATEMENTS SHOULD 6F I NC T£ AS ED A PPRCP lAT E LV . 




St'MY 


- iPi^trc'F'C'L'R'fc 

'l'cVE'L 'NESt 


PAGE 


Vh'E ViI/kr'e'nt 'c’lM'EVs'i'cifij's 'We're 'cHns’Efg Vc 'c'pV V erve core lsagV; 


'j. 

% 

% 

'5 

'6 

’J 

10 

11 

12 

13 


• l.A 

;lf> 

• 17 
lii 

19 

20 
21 


22 


23 


26 

27 

2a 

29. 

30l 

i 

31 


t'EClA'R'fc 'p’cVRV'(VC',Vd6V; 

■caiA'P^E , 'rate'cVcvVo'cV'; 

.tV'fiW a’ct'er'( i'o^ varVVn'g'; 

U ^ 2. 'C l- A r-a'c t ' t R I i c '► 'v A R Y 1 ng ; 

tvciJ'Rt toS;; jfoi ■ WNii 

C'CC'LAPE YtAp'noO; 

CEcLAK'e T'IPS'OOC); 

CECLAft'f ATNUC'tSCOVj 

'cecla’p'e kpg'iWt ( loV; 

L’ECLARE IGAgGC(IC); 

CECLAR E SUH< 1C) ; 

//* I INITIAL ‘ARRAYS */ 


'E0lrvt»O; 

•HAT£»C; 

'CAY=0; 

YEAR*C; 

TIPS=0; 

ATN=0; 

IGAUGEsO; 

NPCINT=0; 

/♦ SlART-LCUF CM STORPS *'/ 
■DC NSTCRMi^l 'TC 300; 
y-* :ft£-AO iPEAC C-ARC '*/ 


V* Cpangb this 'jr now of stores excefos**/ 


■ON .CNDFiILE i( S'YSilN") GO '1r. 'Vcij'T'; 

• GET 'tlST,^PGNTH'(^STCR>llvCAV(NS■T(]RHV;yEAF.VNsVoVMV;T’I'Ms'^'^sV^^ 

/!* -STA.RiT iLCOF :CN 'EAC’F 'R'ATN 'G'A'L'GE '■*'/ 

CC NGALGE=1 TC 1C; 

GET L ISnxi, IGAUGEINGAUGE )*NPoiNT {NGAUGe'i ,X2) i 

CC N=rl 1C NFC IM (NGAUGE) ; 
C-ET^UST<PCINTUGAUGF(NGAUG£),N) ) ; 

ENCi 

z* ail CATA FCR NSTCRP NCR READ IN 



MAIN 


sP«CtECC(«l; CPTICn'sIMAIM } 


PAGE 


STMT 

U- VEL 

NEST 


ACV 

CCNVfckT TO RAINRATh ♦/ 

32 

1 

1 



tC NCAUGE»1 TO 10; 

3 3 

1 

2 



D'l ! = 1 TO APCINTINGAUGEJ; 

3<. 

1 

3 



P4TC(NGAUGF»n*PClNT< NCAUGf , l)*0.16; 

■Ji 

•1 , 

N 

3 



fcNO; 

3c 

1 




END! 




/* 

TRF 

hhOL3 AkWAY. LAN BE USEL: ID GET ATTEMUATIL.N AT- A 20 DEGKEL 





ELEVATICN ANGLE 

37 

i 

.1 



<R4TE*25»41**l,155l; 





NCR 

PRIM RESULTS PGR THIS STCRM */ 

3« ' 

1 

1 



PUT ELm'PFSLlTS FOR STCRM ON * . RGNTH ( NSTURM ) , 1. A Y( NSTfKM > , 






YE AR (NSTGRM) ) (KI FlMs , 

39 

1 

1 

Kl 


J format tPAUe, SKIF<? J.CDLUMNI SOI, A,A, FI3 », F(5) ) ; f 

90- 

1 

1 



PUT EDIT! "RAINFALL RATE IN iNChFS PcP hCUR * M R ( F 5 J ) ; 
:FQ«MAT (SK IP(2 ItCCLUM.N (50) , A> ; [ 

41 

1 

1 

f 5 


42 

i. 

1 



PUT El)IT( M ]Mb‘‘ , tlCI » GAULu NU 'XPIPZII; j 

43 

1 

1 

F2 


:FCF4AnSK3P(3>,Xt?),A,)ital,iaA); 1 

44 

1 

i 



PUT cGITi 'I* ,'2* ,'3« , *4* , ‘5* ,*6‘, .‘e*,**#', 'lO* HR <F?) 1 5 

45 

1 

1 

R 3 


;FOPRA IlSK IP.M21) , 101 A ,XI SM 1 i 




/* 

NCb» 

PRINT GUT THE RAINFALL RATES 

4t 

1 

1 



K=1J 

47 

. 1 

' 1 



CC I =1 TC 10; 

4G 

1 

2 



IP NPCUnm>K THEN K=NPCINTin; 

50 

1 

2 



ENC; 

51 

1 

1 



TsTlMSINSTGRVI ; 

5* 

1 

1 



CC I =l TO K; 

53 

i 

2 



PUT EDiriT,' •MSKIF(2».X(3),FIB,3I,A); 

54 

1 

2 



DC J=1 TO 1C; 

55 

i 

3 



PUT EDIT! PAl E(J,U MPIIO.AM ; 

56 • 

1 

5 



END; 

57 

1 ' 

2 



T»T+3,75; 

56 

1/ 

2 



T2=r/100; , . 

59 


2 



T3= TPLNCI T2) ; 

6U 

i 

2 



T£*T2-T3; 

61. 

1 

2 



IF TE >= ,tC THEN T=T+40; 

63 

1 

2 



IF T >= 2400 THEN T=0; ' 

6 5 

i 

2 



END; 



t* PfilNT ATTEMiATICN TABLE •/ 

PUT E C IT I • MESULTS FC« STORM ON • »MOKTH( NSTORM J , 0 A Tl NS TCUK > ♦ 



■MAIN • Jf-dCCeotPE CPTICNSIMAIM; 
STMT U'VEL \E:ST ■ 


PAGE 


67 

■6 b 
li'i 

70 

71 

72 

73 

74 

75 
7(. 
77 
7b 
74 
HO 


«5 

b6 

B7. 

64 

40 

51 


52 

43 

54 

95 

56 


97 

9« 

99 

100 

101 

102 

\03 


1 

\1 

1 , 

1 

I 

1 

1 

1 

1 

I 

1 

1 

I 

1 

1 


VbflRINSTtJRK) MRII-IH} 

POT EC !T( ’ATTENLATICN AT A 20 CEGREt ELEVATION ANCLE IK CH*» 
PLT tCin 'TIKI • »(1C) ■ GAUGE NG •HR(F2nj 

POT tCin •!*, *2«, •aS’A*. »5* , '6S '7* .M 0‘ J Ik IPTJ ). 

I»TlMS(NSTCf.’M>; * ' » 6 t 9 , IJ )|h(F3)); 

CC 1 = 1 TO K 5 

PUT LCITIT,' • MSKIP(2l,XI3I,fl8,2),AJ5 

CO\J=l TC 10; ■ ■ . 

PUT'''-k'OJ T t ATN(0, 1 1 10,4) I ; 

END; . - ■ 

T=T>3.75; ^ 

T2*T/100; 

T3=7RLNC(T2J : 

TE=T2-T3! 

IF TE >= .60 THEN T=T+40; 

IF T >= 240C Then T=r»; '' I 

EN'C; / ■ ' 

/♦ NCl> determine ACCLMLLATION */ ' I 

SUM=o; ' j 

, CC J=1 TO 10; , ... 1 

CO r=l TL AFCIAT(J) ; 

SU«( JlsSCMI J>+PC1NTU,I); 

END; ^ ' 

END; . 

SLM=SLM«0.01; 

/* ACb PRINT RAINFALL ACC LPUL A T 1 OK S ■*/ 

PUT ECm*PAIN ACCUMULATICNS FOR FACh GAUGE ' H P AC t , S K IP< 3 K 
CC J»l TO 10; 

BA Gauge kc. 'tJ*suMij>,« incffs* hri f4i j* 

'^JJ«''TCSKIP(2),A,Fm,F(6,2J,A»; H"^>F4M, 

/* all CATA FCR this storm NCH PRINTED */ 

PciNT=c; 

RATE»c; 

EKC; 

OPPSMISMF\M!s{JJr"'' increased TC PROCESS MORE S 

XCLT :STOP; 

end main; 
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